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ABSTRACT 

To  determine  if  additives  in  greases  have  effete  upon 
baai’ing  fatigue  life  overriding  th*«*kener  and  oil  effects, 
greases  of  the  Military  Specification  MTL-G-1Q924B  type 
were  Made,  with  and  without  additives,  using  low  viscosity 
naphthenic  or  paraffinic  mineral  oils  thickened  with  calcium 
or  lithium  12-hydroxystearate .  They  were  tested  in  the 
rolling  contact  adaptation  of  the  Four  Ball  Extreme  Pressure 
Tester  with  52100  steel  balls  at  1,200,000  psi.  Hertz  load 
and  ambient  temperatures , 

Fatigue  life  improvement  over  the  oils  was  greater 
using  calcium  scap  Instead  of  lithium  soap  as  the  grease 
thickener,  Nonylphenoxyacetic  acid  was  relatively  inef¬ 
fective  for  improving  fatigue  life  in  all  greases  except 
the  lithium  base  paraffinic  oil  grease. 

The  insoluble  crystalline  additives  with  good  lubri¬ 
cating  properties,  molybdenum  disulfide  and  molybdenum  di- 
butyldithiocarbamate ,  were  very  effective  for  improving 
fatigue  life  in  greases  of  both  thickener  types.  The  oil 
miscible  molybdenum  dibutyldithiophosphate  in  the  calcium 
base  paraffinic  oil  grease  was  nearly  as  effective  as  the 
latter,  which  was  the  best  fatigue  inhibiting  additive 
tested,  but  was  less  effective  than  either  of  the  above 
additives  in  the  lithium  soap  paraffinic  oil  grease.  With 
the  less  effective  tricresyl  phosphate  the  relative  im¬ 
provement  of  fatigue  life  in  these  two  greases  was  reversed. 
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FOREWORD 


This  work  was  performed  under  a  project  assigned  to 
this  Research  Laboratory  under  the  title,  ''Lubricants , 
Friction  and  Wear,'  Project  Order  1C0244Q1A1Q7  AMCJfc». 

Cod©  5025.11 . 801 ,  Sub-Task  "Effects  of  General  Types  of 
Lubricant  Additives  Upon  Bearing  Metal  Fatigue. 
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PROBLEM 


The  purpose  of  this  work  is  to  determine  the  effects 
of  additives  in  Military  Specification  MIL-G-10924B  type 
greases  on  the  fatigue  life  of  52100  steel  ball  bearings 
relative  to  the  effects  of  the  base  oils  and  thickeners. 

BACKGROUND 


One  of  the  missions  of  this  Research  Laboratory  is 
the  maintenance  of  Military  Specification  MIL-G-10924B 
and  the  qualification  and  surveillance  of  greases  und<.r 
its  requirements.  This  is  the  most  widely  used  grease 
purchased  by  the  Government  most  of  which  goes  for  auto¬ 
motive  vehicle  lubrication.  ihe  extended  relubrication 
intervals  being  recommended  by  autoaoi  e  manufacturers 
means  that  lubricated  pfrts  are  inspected  much  less  often 
and  metal  fatigue  becomes  a  more  important  consideration 
in  the  performance  life  of  bearings. 

Considerable  work  has  been  done  on  factors  affecting 
bearing  fatigue  life.  These  factors  include  load,  tempera¬ 
ture,  speed,  surface  finish,  Jubricant  base  stock  and  vis¬ 
cosity  as  well  as  metallic  grain  size,  fiber  orientation 
and  hardness  obtained  by  various  melting  a^id  quenching 
techniques  on  many  bearing  composition*.^  When  this  pro¬ 
ject  was.  initiated  the  literature  contained  few  references 
concerning  the  effect  of  lubricant  additives. 

A  previous  report  on  work  done  at  Rock  Island  Arsenal 
Indicated  tbit  additives  in  oils  of  the  types  used  in 
Military  Specification  MJL-G-10924B  greases  have  varying 
effects  upon  the  fatigue  life  of  52100  steel  balls  in  ^ 
rolling  contact  adaptation  of  the  Four  Bali  EP  Tester. 


Bisson,  E.  E.  and  Anderson,  W.  J.,  "Advanced  Bearing 
Technology,"  National  Aeronautics  and  Space  Adminis¬ 
tration  SP-38,  pp .  383-448.  J.  S  Government  Printing 
Of  lice,  1964. 

Fisher,  Max  T.,  "Lubricant  Additive  Effects  Upon  Bearing 
Metal  Fatigue:  I. Rolling  Contact  Adaptation  for  Four  Ball 
EP  Tester,"  Rock  Island  Arsenal  Research  &  Engineering 
Division  Technical  Report  66-1293  (AD  No.  634112), 

April  1966. 
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A  more  recent  paper  by  Rounds^)  states  that  some  long  chain 
polar  additives  and  sulfur  containing  additives  gave  maximum 
beneficial  life  in  the  one  to  two  percent  region  in  oil 
whereas  some  chlorine  and  phosphorus  additives  were  detri¬ 
mental  at  nearly  all  concentrations.  He  believes  these 
effects  to  be  chemical  rather  than  physical  in  nature  and 
hir  data  indicates  that  the  beneficial  effects  may  be  due 
to  the  formation  of  surface  coatings  which  have  the  proper 
characteristics . 

It  would  be  expected  that  grease  thickeners  would  have 
effects  upon  the  fatigue  Pfe  ox  bearings.  It  is  nor  known 
if  additives  in  grease  woulu  have  effects  overriding  those 
of  these  thickeners. 

APPROACH 


Greases  of  the  Military  Specification  Mi.L-G-10924B 
type  were  made  by  the  in  itu  -eaction  of  eithe.  calcium 
oxide  or  lithium  hydroxide  with  a  commercial  fatty  acid 
consisting  of  85%  12-hydroxvstear ic  acid.  Both  the  naph¬ 
thenic  and  paraffinic  oils,  used  in  the  previous  investi¬ 
gation  of  bearing  metal  fatigue  effects  of  oil-additive 
mixtures,  were  thickened  with  cither  the  ? ithium  or  calcium 
soap.  These  were  made  in  such  a  manner  as  to  obtain  approxi 
mf.tely  the  same  consistency  at  a  ten  percent,  thickener  con¬ 
centration.  The  naphthenic  and  paraffin-''-  oils  had  viscos¬ 
ities  of  80  SU8  at  100°F.  and  viscosity  indexes  of  30  and  95 
respectively . 


Two  additives  which,  in  the  oils,  were  most  influential 
in  their  effects  upon  fatigue  life  in  the  previous  work, 
were  incorporated  in  five  percent  concentrations  into  one- 
third  portions  of  each  of  the  four  greases.  These  were 
nonylpnenoxyacetic  iciu,  a  iust  preventative  additive  which 
deer..-oed  the  fatigue  life  of  52100  steel  balls,  and  moly¬ 
bdenum  disulfide  with  which  good  improvement  of  fatigue 
life  was  obtained.  No  additive  was  included  in  the  other 
one- third  portion  of  each  grease. 


These  greases  and  t;  a  base  oils  were  evaluated  in  the 
rolling  contact  adaptation  of  the  Four  Bali  EP  Tester  under 
the  same  cc  <dii  ions  (600  kg.  load  at  1800  r.p.m.  and  ambient 
temperature*-:'  as  were  the  oil-additive  combination.?,  tested 
previously.  This  load  is  equivalent  to  approxi  tely 
1,200, CPU  psi.  between  the  top  and  bottom  balls.  Thus,  the 
fatigue  effects  of  the  oil,  thickener  and  additive  compon¬ 
ents  e+  the  grease  could  be  compared , 

(3)  Rounds,  Fred  G.,  "Some  Effects  of  Additives  on  Rolling 
Contact  Fatigue,"  ASLE  Preprint  No.  66LC-27,  Oct.  1966. 


b 


The  test  assembly  was  thoroughly  cleaned  in  equal  parts 
of  chloroform,  benzene  and  acetone  before  each  test.  Twelve 
tests  to  failure  were  made  with  each  lubricant.  The  order 
of  testing  this  series  of  lubricants  ris  reversed  after 
duplicate  runs  on  each  to  compensate  ^or  differences  that 
could  be  attributed  to  wear  of  the  race  and  minimize  pos¬ 
sible  effects  to  the  race  surface  due  to  tne  previous  lub¬ 
ricant  used.  It  was  necessary  to  use  a  second  race  adapter 
to  obtain  th^  12  runs  with  each  lubricant  when  wear  and 
fatigue  on  tne  first  race  was  obviously  contributing  to 
lower  fatigue  lives.  The  12  tests  per  lubricant  represent 
six  tests  with  each  race.  These  races  were  identical, 
metallurgical!}'  and  dimensionally,  as  nearly  as  could  be 
determined,  but  previous  work  occasionally  showed  that 
fatigue  life  can  be  affected  by  the  choice  of  race  adapters. 
No  such  pattern  could  be  detected  in  this  case,  however, 

A  vibration  monitor  and  control  automatically  shut  off  the 
machine  when  a  fatigue  failure  occurred. 

The  fatigue  test  results  were  treated  according  to 
statistical  methods  described  by  Leonard  G.  Johnson v4)  ex¬ 
cept  that  lower  ball  failures  were  so  infrequent  (less  than 
two  percent)  that  they  were  disregarded  and  the  tests  re¬ 
peated,  The  stress  cycles  to  failure  were  plotted  on 
Weibull  probability  paper  and  the  bearing  fatigue  lives 
compared  on  the  basis  of  50  percent  probability  of  survival 
(designated  ,?B5QLlfe"  by  bearing  engineers).  Too  few 
tests  were  run  on  each  lubricant  to  get  a  reliable  estimate 
of  the  Bjq  Life  (90%  probability  of  survival). 

Excellent  fatigue  life  improvement  obtained  with  moly¬ 
bdenum  disulfide  as  the  lubricant  additive  in  grease  insti¬ 
gated  tests  using  another  insoluble  solid  anti-wear  additive, 
molybdenum  dibutyldithiocarbamate .  to  see  if  perhaps  this 
improvement  can  be  attributed  to  solid  lubricants,  as  such. 
Another  molybdenum  compound,  molybdenum  dibutyldithiophos- 
phate,  was  included  in  this  series.  This  additive  is  re¬ 
ported  to  have  antl-wea*  and  extreme  pressure  properties 
but  is  miscible  with  mineral  oil  and,  except  for  the  phos¬ 
phate  radical,  is  chemically  similar  to  the  carbamate.  A 
third  additive  in  this  series,  the  oil-miscible  tricresyl- 
phosphate,  provided  fatigue  life  improvement  in  the  oiib 
reported  previously  and  may  serve  as  a  check  on  the  effects 
of  the  phosphate  radical  in  the  former  compound.  The  base 
greases,  containing  no  additives,  served  as  reference  lub¬ 
ricants,  Because  of  time  limitations  the  naphthenic  oil 

(4)  Johnson,  L.  G.,  "The  Statistical  Treatment  of  Fatigue 

Experiments , "  Elsevier  Publishing  Company,  1964. 


was  not  included  as  a  part  of  this  series  of  lubricants. 

Wear  on  the  lower  three  balls  was  recorded  as  milli¬ 
grams  per  minute  weight  loss  in  sn  attempt  to  associate 
this  property  with  fatigue  failure  time  or  lubricant  compo¬ 
sition, 

RESULTS  AND  DISCUSSION 

The  Bg'g  fatigue  lives  of  the  lubricants  using  Race  13 
were  nearly  equal  to  those  using  Race  15,  Consequently, 
the  lives  of  the  composites  concurred  _iosely  with 
f^sse  "results ,  Test  results  using  a  third  race  were  ap¬ 
preciably  higher,  however,  and  were  not  incorporated  into 
the  reported  data.  This  discrepancy  between  races  is  un¬ 
explained  but  not  unusual  although  the  race  adapters  were 
made  as  nearly  identical  as  possible. 

The  non-additive  paraffinic  oil  greases  were  the  only 
bases  for  comparing  fatigue  test  results  using  Race  10  and 
Races  13  and  15.  Using  Race  10  the  Bgg  life  with  the 
calcium  baste  grease  was  a  little  higher  than  when  using 
Races  13  and  15.  With  the  lithium  base  grease  the  magni¬ 
tude  of  the  Bg0  lives  using  these  races  was  reversed.  This 
is  also  difficult  to  explain  but  the  difference  is  not  great. 
In  considering  the  change  of  fatigue  life  imparted  by  the 
additives,  the  choice  of  race  adapters  should  also  be  con 
sidered. 

The  B*g  lives  (maximum  stress  cycles  at  which  no  more 
than  50%  failures  can  be  expected)  of  naphthenic  oil  greases 
in  Figure  1  show  the  lithium  12-hydroxystearate  h^vir.^  little 
influence  on  fatigue  life.  Thickening  the  oil  with  calcium 
soap  almost  doubled  the  fatigue  life  obtained  with  the  naph¬ 
thenic  oil.  Nonylphenoxyacetic  acid  had  a  more  beneficial 
effect  in  lithium  base  grease  than  in  the  calcium  base  grease 
bu+  this  effect  was  small  compared  to  the  fatigue  life  im¬ 
provement  imparted  to  both  greases  by  molybdenum  disulfide. 

Figures  2  and  3  show  these  thickeners  and  additives 
having  about  the  same  influence  on  fatigue  life  with  para- 
finic  oil  lubricants  except  that  the  calcium  soap  was  less 
influential  in  the  paraffinic  oil.  However,  the  BgW  fatigue 
life  of  52100  steel  balls  with  this  oil  was  nearly  double 
that  with  the  naphthenic  oil  to  begin  with. 

Referring  to  Figure  4,  fatigue  lives  with  lubricants  con¬ 
taining  molybdenum  disulfide  was  independent  of  oil  and 
thickener  effects.  The  influence  of  the  calcium  soap  and 
nonylphenoxyacetic  acid  in  calcium  soap  greases  was  relatively 
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FIGURE  1  FATIGUE  LIFE  WITH  NAPHTHENIC  OIL  GREASES 

(RACES  13  Sc  15) 
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FIGURE  3  FATIGUE  LIFE  WITH  LITHIUM  SOAP  PARAFFI?  IC  OIL  GREASES 
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FIGURE  4  LURRICANT  ADDITIVE  EFFECTS 

ON  THE  B ca  FATIGUE  LIFE  OF  52100  STEEL  BALLS 


independent  of  oil  influences.  This  was  not  true  with  lithium 
base  greases.  Trlcresyl  phosphate  in  paraffin  oil  greases 
also  seemed  to  have  an  effect  upon  fatigue  life  independent 
of  thickener  type. 

There  appears  to  be  an  interaction  between  one  or  both 
soaps  and  the  molybdenum  dibutyldlthiocarbamate  or  phosphate 
additives  to  form  different  surface  coatings  on  the  balls 
which  results  in  varying  fat'gue  lives.  The  appearance  of 
the  cleaned  lower  balls  after  tost  fortifies  this  theory. 

The  color  of  these  balls  was  quite  distinctive  with  the 
latter  two  additives  depending  oh  Whether  they* wexec&neor- 
porated  into  lithium  or  calcium  base  greases.  No  dif¬ 
ference  in  ball  appearance  was  visually  detectable  with 
the  other  additives. 

Of  primary  interest  is  the  quite  pronounced  improvement 
of  52100  steel  ball  bearing  fatigue  life  with  the  second 
insoluble  solid  additive,  molybdenum  dibutyldlthiocarbamate. 
This  improvement  is  considerably  greater  than  that  obtained 
with  molybdenum  disulfide,  which  showed  the  most  beneficial 
effects  in  the  previous  aeries  of  tests.  Molybdenum  di- 
butyldithiophospfeate  in  the  calcium  soap-paraffinic  oil 
grease  also  showed  excellent  fatigue  life  improvement  but 
in  lithium  t>oap  grease  the  improvement  was  much  less. 

Table  I  snows  the  wear  rates  on  the  bottom  three  balls 
of  the  Four  r'-5.11  Fatigue  L^fc  Tests  with  the  various  lubri¬ 
cant  compositions  and  their  relationship  to  fatigue  life. 

Little  difference  in  wear  could  be  detected  between 
lubricants  containing  naphthenic  and  paraffinic  oils  except 
possibly  for  the  nonadditive  lithium  soap  greases.  The 
fatigue  life,  however,  was  generally  less  with  lubricants 
containing  naphthenic  oil. 

Calcium  coap  greases  made  with  these  oils  reduced  wear 
to  nil  and  increased  fatigue  life.  Wear  reduction  was  less 
with  the  lithium  soap  thickener  and  the  fatigue  life  changed 
little,  increasing  slightly  ir  naphthenic  oil  and  decreasing 
a  little  in  paraffinic  oil. 

The  wear  and  fatigue  properties  of  three  of  the  four 
greases  were  affected  little  by  the  addition  of  nonyl- 
phenoxyacetic  aoid.  In  the  lithium  base  paraffinic  oil 
grease,  however,  wear  was  reduced  and  fatigue  life  increased 
with  this  additive. 
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-FATIGUE  LIFE  RELATIONSHIP  IN  ROLLING  COI  TACT  ADAPTATION 

OF  FOUR  BALL  SP  TESTER 


H  p  p  »<HH 


sft  a>  <n 
cn  oi  h  w  oo  or 

W  MO  H  01  Hu 


NON 

P5  01  H  O  ®  N 

CO  (>•  rH  i— 1  r— (  CD 


<J)  C*5  03  00  00  ’I* 

N  W  O  K  H 


Is  < 

HOOOHlfH 

F5  in  CO  r-i  CO  tJ«  r-i 


n  h  n  m  rp  cq  to  m  t*.  nm 
ooooo  ©  :®mNo  ©op 

OOOOO  a  0  O  P  O  O  coo 
OOOOOXXOOOOXOO 


cn  cn  r-  m  to  o>  oo 
NOOOnNO 
P  o  o  o  o  o  o 

o  o  o  o  o  o  o 


"W<ao  d^ooo«sod«8ooo 

O)  P  H  H  rl  P  H  n  H 

e? jco  n  nn  cn  cn  cn 


*3  oSJ  eg  c»  <3  08 

nnnnnnn 

rt  H  H  H  H  H  H 


© 


© 

T3 

e  ©  p 
p  p  d 

Cj  d  Vi 

d 

C*  © 

p  P 
d  at 

d 

P 

a  x  © 

•H 

0  X 

© 

y 

da® 

y 

d  a 

p 

<  © 

X  ®  P 

<  © 

X  CQ 

© 

TI 

©  u  o  a 

d 

©  b  0 

O  -H 

P  d  x  >■. 

O  P 

p  d  X 

K 

rH  VI 

d  y  a  k 

P  Vt 

d  y  a 

O 

P  P 

X  0  o  0 

P  r-i 

X  0  0 

H 

©  3 

o.p  ■h  u 

©  3 

C,P  p 

d 

U  © 

©  X  X  TJ 

O  © 

M  X  X 

>> 

d  K 

0  p  p  ^ 

d  p 

0  P  p 

X 

>»  Q 

X  P  p  w 

NQ  X  P  P 

( 

K 

Add  1 

K 

a  n  t> 

CN 

o  a 

HHN 

0  s 

r-i  rH 

r-i 

a  3 

P  >*  >1  P 

C  3 

P  >1  >1 

©  £3  >»  P  P  ©  G 

P  S  X  ©  «  3  3  S  X  ©  ®  3  3 

■ns  ax  ®  x  x  3  ad  ©  x  x 

Q  P  H  n  l(  rl  Tt  -r(  p  X  ti  P  P 

O  >>  >>  U  Q  Q  X  >>  >>  O  O  Q 

O'""*  C  H  -H  4-»  C  H  -H 


o  o  u  o  o 


O  O  In  0  0 

7.  S  H  X  3) 


6*  6*  6*1  Sft  ?>ft  eft 

v<  o  ininmnino 

*  P  1  I  I  I  I  r-i 

Ni  •  i 

* 

a 


fcft  Bft  &ft  B*i  B»i 

in  in  in  in  in 

i  i  i  t  i 


©  © 

p  p 

d  a) 

U  V  U  -0 

d  P  nj  p 

©  O  ©  U 

P  <  ©  P  <  © 
®  TJ  ®  TJ 
>*  O  P  >,  U  P 
K  P  Vi  K  -H  Vi 
0  ♦'H  o  P  P 
N  ®  0  M  ®  3 
tl  O  10  3  y  ID 
>i  d  P  t>>  a)  -H 
X  >,Q  X  r^Q 
IK  IK 

«O0NOS 
P  a  -I  P  a  3 
©  a  ©  c 
e  x  ®  a  x  © 

3  Q.T3  3  ad 

■«  H  ®  rl  rl  i) 


y  >»  in  x  >,  >, 

O  H  C  r-i  P  c  H 
p  d  0  Q  P  o  0 

a  u  x  »  x  x  a 

© 

-3  ftft  eft  ijft  uft  &ft  oft 

u  o  in  in  o  in  in 

X  r-i  |  |  r-i  I  I 


a  i  > 


at 

X 


Molybdenum  disulfide,  tricresy Iphosphate  and  the  two 
organic  molybdenum  additives  had  no  adverse  effects  on  wear 
in  the  calcium  base  greases  with  which  wear  wlj  already  very 
low.  These  additives  in  lithium  base  greases  reduced  wear 
to  a  minimum  with  one  except  tea.  This  exception  was  that 
molybdenum  dibutyldithiopbosphate  in  lithium  soap  paraffinic 
oil  grease  reduced  the  wear  only  to  a  level  comparable  to 
that  uotained  with  nonylphenoxyacetic  acid  in  this  grease. 
Fatigue  life  with  the  latter  two  greases  was  also  nearly 
the  same  and  considerably  shorter  than  that  with  the  other 
lithium  soap  additive  combinations  in  paraffinic  oil. 

evidently  high  wear  rates  are  a  factor  in  obtaining 
lower  fatigue  lives  but  not  the  only  influence.  There  is 
quite  a  variation  in  the  fatigue  lives  of  greases  showing 
little  or  no  wear. 

CONCLUS IONS 


The  rolling  contact  adaptation  for  the  Four  Ball 
Extreme  Pressure  Tester  has  proved  to  be  a  useful  and 
relatively  economical  means  of  determining  fatigue  effects 
of  lubricants  on  52100  steel  balls. 

The  low  viscosity  paraffinic  oil  was  a  little  more 
beneficial  to  fatigue  life  than  was  the  naphthenic  oil  of 
the  same  viscosity  at  100°F.  Since  these  tests  were  run 
at  ambient  temperatures,  the  lower  viscosity  of  the  naph¬ 
thenic  oil  at  the  higher  temperatures  could  be  an  influence. 

Lower  fatigue  lives  were  usually  accompanied  by  higher 
wear  rates. 

Calcium  base  greases  were  usually  more  beneficial  to 
fatigue  life  and  wear  than  their  lithium  base  counterparts. 

Nonylphenoxyacetic  acid  was  relatively  ineffective  for 
improving  fatigue  life  in  all  greases  except  lithium  12- 
hydrostearate-paraffinic  oil  grease. 

The  insoluble  solid  additives  with  good  lubricating 
properties,  molybdenum  disulfide  and  molybdenum  dibutyl- 
aithiocarbamate ,  were  very  effective  in  all  greases  for  ex¬ 
tending  the  fatigue  life  of  52100  steel  baliis. 

Molybdenum  dibuty ldithiophosphate  was  very  beneficial 
to  fatigue  life  in  the  paraffinic  oil  thickened  with  cal¬ 
cium  soap  but  much  less  effective  in  this  oil  thickened 
with  lithium  soap.  For  the  other  phosphate  additive,  tri- 
cresyl  phosphate,  *:he  relative  improvement  of  fatigue  life 
in  these  two  greases  was  reversed. 
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The  color  of  the  balls  after  test  was  distinctive  with 
each  of  the  organ  e  molybdenum  additives,  depending  on 
whether  they  were  incorporated  into  the  lithium  or  calcium 
base  grease.  This  and  varying  fati£  \e  results  indicate 
interaction  between  the  additives,  thickeners  and  balls  to 
form  different  surface  coatings  having  unique  properties. 
Fatigue  results  indicate  this  is  also  true  with  nonyl- 
phenoxyacetic  acid  but  no  distinctive  coloration  of  the 
balls  collaborates  this. 

The  ball  surface  coloration  and  Bon  ,-ife  was  unique 
to  the  additive  with  molybdenum  disulfiae  and  tricresyl 
phosphate  regardlesr  of  which  grease  they  were  incorpor¬ 
ated  into.  The  thickener  influence  was  evidently  nil 
witu  greases  containing  these  additives. 

RECOMMENDATIONS 

It  is  recommenced  that  additives  normally  used  in 
Military  Specification  MIL-G-10924B  greases  be  evaluated 
for  their  effects  u-^on  bearing  metal  fatigue  singly  and  in 
combination.  Also  the  effects  on  fatigue  life  of  the  in¬ 
soluble  solid  t’  e  lubricant  additives  in  fully  formulated 
greases  of  this  type  should  be  determined.  Possible  ad¬ 
verse  effects  on  fatigue  life  of  otherwise  excellent  ad¬ 
ditives  might  be  neutralised  or  obscured  by  the  excellent 
fatigue  extending  properties  of  these  solid  lubricant  ad¬ 
ditives  . 


The  effects  upon  fatigue  life  of  non-soap  thickeneu 
greases  should  also  be  evaluated. 


18 


DOCUMENT  CONTROL  DATA  •  RAD 


ls*a :  t>  r  at  :<jn  cf  Htla  bocf  k  of  abatraet  #z;  d  tnda  .  <ng  anr^-at. 


•  0»ir«lNA  SO  ACT  v  'C  .-rpouf#  *u'f>o.'.. 

Rock  Island  Arsenal 

Research  &  Engineering  Division 

Rock  island  illln. is  61201 


2  a  «  1  p  O  »  *  SET 


line  lass  if  led 


1  nC*»G*T  TiTuC 


LUBE I  CANT  AUDITIVE  EFPECT5  UPON  BEARING  METAL  VATIGUE 
II  EFFEC''  ->  IS  MULTI-PURPOSE  SOAP  THiCKENED  GREASES 


4  0  ISC ^ i  v  1  NCTf S  T vp*  it  'vport  *r>d  mcbiHi  d*!*B 


5  AU  TNC*  S  L*»'  ngrra 


Fisher,  Max  T. 


A*[  PC  «r  0*  Tf 


August  1967 


34  CON’T»C' 


RIA  67-2155 


DA  No.  1C024401A107 


AMS  Code  No.  5U25.ll.s01 


'0  T  *  '  M  r  »  ' 


s  O  A  A  n  »  iA»f  '  *  :?•  a  ■' 


Rock  Island  Arsenal 


This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


i  v  f  ¥l  R  T  *  *  '  l  5 


I  i37M  OA  N  v  W-  .  r  A  «  »  k  ...  V  s 


Rock  Island  Arsenal 


i  n  g  t  a 
Mi  1 i ta 
add  i  1 1 
th i eke 
ed  in 
Tes  ter 
temper 
using 
Nonyip 
fat igu 
grease 
proper 
v.  e  r  v  v 
t  h  i  c  k  e 
in  the 
t  h e  la 
vas  le 
soap  p 
on  a  te 


*  '*  To  determine  li  additives  in  greases  have  effects  upon  bea: 
itigue  life  overriding  thickener  and  oil  effects,  greases  of  t: 
iry  spec,  il  lea  t  ion  MIL-G- 1092413  type  were  made,  with  and  without 
Lves,  using  low  viscosity  naphthenic  or  paraffinic  mineral  oil* 
i ned  with  calcium  or  lithium  12-hydroxystearate .  They  w»re  te* 

the  rolling  contact  adaptation  of  the  lour  Bail  Extreme  Pressi 

■  with  52100  steel  balls  at  1,200,000  psi.  Hertz  load  and  ambit 
■aturos.  Fatigue  life  improvement  over  the  oils  was  greater 
caiciux  soap  instead  of  jl ithiun  soar  as  the  gr-'ase  thickener. 

•  her.oxyaeetic  acid  was  relatively  ineffective  for  improving 

i‘-‘  life  in  ail  greases  except  the  lithium  ba-’C  paraffinic  oil 
> .  The  insoluble  crystalline  additives  with  good  lubricating 
'ties,  molybdenum  disulfide  and  molybdenum  dibuty laithiocarbiuas 
ory  effective  for  improving  fatigue  life  in  greases  of  botn 
?ner  types.  The  oil  miscible  molybdenum  dibuty ldit.'iiophoephat* 

■  calcium  base  paraffinic  oil  grease  was  nearly  as  effective  a* 
it  ter .  which  was  the  best  fatigue  inhibiting  additive  tested ,  t 
‘ss  effective  than  either  of  trie  above  additives  m  trie  1  i  t  u  i  us 
i  a  r  a  1  f  i  n  i  c  oil  grease.  With  t . :  e  less  effective  t  r  1  c  r  e ...  y  1  p  n  o  s.  - 
tae  roiatite  improvement  oi  fatigue  life  in  those  faro  greases 
•versed.  fl)  (Author) 


l uci ass if  led 


upon  bear- 
ases  of  trie 
nd  without 
neral  oils 
y  vr're  test- 
oao  pressure 
and  ambient 
grea  ter 
hick ? nor  . 
roving 
lnic  oil 
rieat ing 
hiocarbiuaa  tc- 
of  both 
op ho< p ha t  e 
fee  five  & i 
tested,  Cut 


DD  1473 


Unclassified 

Security  Classification 

KEY  WORDS 


Fatip*,y  life 
Rolling  contact 
Greas  s,  p^&p  thickened 
Additives,  lubricant 


ROLE  f  *T 


ROLE  *7 


INST  a'"1’  ,r>NS 


1.  ORIGINATING  ACTIVITY  Enter  the  name  end  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  issuing 
(he  irport. 

2a.  REPC;:T  SECUMTY  CLASSIFICATION  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whethe 
“Restricted  Da. .  "  is  included.  Marking  :s  to  be  in  accoro 
ance  with  appropriate  security  regulations. 

2b.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  $200.10  and  Armed  Forces  Industrial  Manual.  Fotetr 
the  group  number  Also,  when  applicable,  show  that  optional 
mark  -'.s  huve  been  used  for  Group  5  and  Group  4  z%  author¬ 
ized 

’  REPORT  TITLE  Enter  the  complete  report  title  in  a.C 
capital  letters.  Titles  in  *11  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion.  show  title  oiasstfi  ation  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4  DESCRIPTIVE  NOTE'-  It  appropriate,  enter  the  type  of 
report,  e.  g. .  interim,  progress,  summary,  annual,  or  final. 

Give  E *  inclusive  dates  wher  *  specific  reporting  period  is 

t.  overed. 

S.  AllTMORiSV  Enter  the  names'  of  authors)  as  shown  on 
o»  iiii  the  report.  En-.er  last  name  hr*  /.ame,  middle  initial, 
if  military,  show  ran*  and  branch  »erv«ce.  The  name  of 
the  pr?«rij;»t  authrr-  it  an  ahsolnte  minimum  requirement. 

b,  *i }’  PORT  DATE  rnter  the  date  of  the  report  es  day, 

(front h.  ye«T,  or  month,  year.  U  more  than  one  date  appears 
r>«  tie  report.  i»se  d*ie  of  pul»l ic at lorv 

?£.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
Should  loltow  normal  P  agin  all  on  ptocedures,  i.  e, .  enter  the 
numT.'-sr  ..-i  pages  ontauu.ng  information. 

•‘ft  f'fU$2i*SrR  Or  REF  FRF  NCK&  Enter  the  total  number  of 

referent  es  cr.trd  i he  report. 

fie  CONTRACT  OR  GRANT  NUMBER’  If  appropriate,  enfer 

•  he  appLcrble  msmhfi  M  the  n!iat;r  or  grant  under  which 
the  report  ****  written. 

.5  Ah  E’KOjE-CT  NUMBER  Eniar  th#  eppropn 

• :  aty  ?}<••»•  art  *r.en:  jd*-nt » '•••  at  ic  *u<  h  as  prviact  number, 

,  -  tpr  ffii  n.  r-J'c  System  m»mbe*.  i  *.  4*t  number,  »t<*. 

.«  (?RIi‘:T-.  '  ft ifs  S  Vs-T'Ch  t  NDMBKRiM’  Enter  the  off»- 

•  .»  -epert  ou t  *  which  the  dev..  »:-.«*•, r  w;ii  be  identified 

eod  .  •  -  if  -  •  \  the  •>?  «*ji;*t  pig  »•  viiy  rhf.S  numbe*  mu  at 

be  ; i : L qu f  T o  this  rep or?. 

\  OT  B.l-.K  r-’V‘PORT  NUMBER. S>  If  ifc*  report  hat,  been 
l.  *c.  *ig:>£if  any-  other  i  #%*'■*  rt  number  •  eith/h  he  i^-t*  o  - :  ginatu  • 

}  :>r  b»  -hr.  ip.- *-nt  .*>;  this  nustwn  i. 


fceiwwwip  i  mm  ■  .  ,■  ■  !■!  i.  4>— «.■— ipiiM.  ****.'  : 


I  10.  AVAILAKl.rfy/l.iKlTATlON  NOTICES:  STM*,  itny  lim- 
j  nations  on  further  disaerrmstion  of  the  report,  other  then  thos# 
impo*e«l  by  security  classification,  using  standard  statements 
|  such  as: 

(II  “Quaiifif*!  requesters  may  obtain  i  opies  of  this 
report  from  DDC*  M 

(2)  <4i  sign  a iino un cement  and  dissemination  of  this 

'  report  bv  DDC  as  not  authorized.'’ 

j  (3)  “  U.  S.  Government  agenc.  ma;  obtain,  cop n  a  of 

this  report  directly  from  Di)C.  Oth<*  Qualified  DDC 
users  *hnll  request  through 


(4)  “U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(S)  “AT.  distribution  of  this  report  is  controlled.  C^jaJ- 
ified  Or>C  users  shall  request  through 


i  If  the  report  has  teen  furnished  to  the  Office  of  Technics!  ! 
j  Services.  Department  of  Commerce,  for  sale  to  the  public,  indi-j 
■  cete  thie  fact  and  enter  the  price,  if  known.  j 

I  H.  SUPPLEMENTARY  tXYTES;  U«*  for  i.Miltonfi!  »xpl *n»- 
;  tory  notes. 

'  12,  SPONSORING  MILITARY  ACTIVITY:  Enr er  ; he  name  of  ; 
the  detrimental  project  office  or  labors  ‘ry  sponsoring  (pay-  | 
in#  for)  the  research  and  development.  Include  address. 

1.5  ABSTRACT  Enter  an  abstract  giving  a  bnei  and  factual 
i  Summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re- 
i  port  If  additional  space  is  required.  •  coni  must  ion  sheet 
•;  shall  be  attached 

.  It  is  highly  desirable  that  the  abstract  of  i  laanified  re- 
,  ris  tre  umTa«sified  Each  paragraph  of  the  abstract  sl.sll 
I  end  with  an  indication  of  the  military  security  classification 
j  of  the  information  in  the  i>«i agrjph .  represented  as  (  TS),  (5). 
i  •.  ,  or,U; 

Ihe->  :S  no  hm;t«t»on  <>»;  he  ien^th  or  ihe  abstract  How 
I  e»'  (he  suggested  |  *  t> p t  is  fro  si  l  r>0  ■'  2 5  words 

•  14  KEY  1MX*<DS  Kev  words  are  ie<  hni»«llv  meaningful  tarm* 
j  or  short  pluA'ses  that  characterize  a  report  and  may  be  used  aa 
!  index  entries  tor  cataloging  the  report  Key  words  must  be 
|  selected  so  thai  no  security  classification  is  required  Irian- 
i  'ie?s.  such  »s  equipment  model  designation,  trade  name  mill 
i  tary  'protect  code  geojrraphir  location  may  be  ussd  •* 

W «» v  w<'rds  but  Wirt  be  followed  B v  an  indication  of  technical 
The  sss-gnment  <y?  hnxs.  rules  end  weights  is 


Unc lassii led 


"  t  c  vi » aty  Cl  h  s  s  i  (>  ration 


!pti' 


